INTRODUCTION
The acute Guillain-Barre Syndrome (GBS) is characterized by a progressive flaccid paresis with reduction or loss of tendon reflexes, followed by functional recovery in the majority of patients. Several other features support the diagnosis {see Asbury, 1981) . Within these limits, the clinical pattern is variable. The paresis may start proximally or distally in the limbs. Sensation is involved in some patients; in others it is normal despite severe paresis. Weakness may begin in the cranial nerves and spread downwards. Inflammatory demyelinating lesions scattered throughout the peripheral nervous system are considered to be responsible (Asbury et ai, 1969) .
An important pathophysiological hallmark is slowing of conduction, but this is not related to the severity of the disease (McLeod, 1981) . Decreased compound muscle action potentials (CMAPs), as evidence of conduction failure, accompany the motor deficit (Lambert and Mulder, 1964; Brown and Feasby, 1984; Albers et ai, 1985; Feasby et ai, 1985; Mills and Murray, 1985) . In a recent study, Brown and Feasby (1984) stressed the occurrence of conduction block, that is, loss of conduction in axons between two stimulation sites. In addition, they often found very low amplitudes with distal stimulation suggestive of distal conduction failure. They did not, however, describe how these two phenomena were related in individual patients. Sensory deficit, in contrast to paresis, is variably present in GBS patients. There are two factors which might be responsible for this. (1) A wide fibre spectrum serves sensory function, both myelinated and unmyelinated; therefore, any disease with fibre type predilection will leave many sensory fibres unaffected. (2) Sensory fibres may be spared in some patients despite involvement of motor fibres. In this context, the recent emphasis on the variability of sensory conduction studies in the GBS syndrome compared with other polyneuropathies is noteworthy (Murray and Wade, 1980; Albers et ai, 1985) .
In this study we compared the clinical course with the pathophysiological changes in 13 consecutive patients. We sought evidence both for conduction block and distal conduction failure in the peripheral motor and sensory system.
PATIENTS AND METHODS
Thirteen consecutive patients were studied. They were included in the study if they (1) fulfilled the GBS criteria (Asbury, 1981) and (2) were still deteriorating. Their clinical deficit at the nadir varied: 2 patients had difficulty in walking, 7 were chairbound or bedridden and 4 required artificial ventilation. In all patients, median and peroneal nerves were investigated by stimulation at the wrist and elbow, and at the ankle and knee (the neck of fibula), respectively. The average number of studies was 9 (range 2-33). A Disa 15-c-Ol electromyograph was used.
Motor fibres were studied by recording with surface clip electrodes from the abductor pollicis brevis (APB), tibialis anterior (TA) and extensor digitorum brevis (EDB) muscles. Sensory fibres were examined by recording antidromically from the index finger; motor and sensory responses on median nerve stimulation were recorded simultaneously. Care was taken to place the active electrode at the optimal site for a biphasic maximal compound muscle action potential (CMAP).
The sensory nerve action potentials (SNAPs), the CMAPs and 12-20 trials for F waves were recorded on paper; the latencies and peak-peak amplitudes were measured. The duration of the negative phase of the CMAP was measured to study differential dispersion. For APB, differential dispersion was defined as an increase in duration of the negative peak by more than 8%, when stimulation was carried out at the elbow rather than at the wrist (Brown and Feasby, 1984) . Nerves were stimulated supramaximally with rectangular pulses of 0.3 ms duration. Submaximal stimulation strength was used to locate the optimal stimulus electrode site. In some instances, more proximal levels of the median nerve were stimulated, taking care not to stimulate the ulnar nerve. If the distal SNAP remained normal, somatosensory evoked potentials (SEPs) of both median nerves were obtained.
Needle electromyography was performed in 9 patients. It was omitted in 3 adults and 1 child for fear of losing their cooperation for the remainder of the study.
The progressive phase of the disease
At the nadir of the disease, a decrease in CMAPs was observed in all patients when compared with earlier studies or with data at the stage of late recovery (Table  1) . In all patients this was uniform in APB, TA and EDB. Fig. 1 illustrates the reduction in CMAP amplitude related to general clinical deterioration. Stimulation at different levels of the nerve, however, showed different patterns of CMAP reduction. In 7 patients, the amplitude decreased when the stimulus electrode was moved to more proximal sites. In APB, between wrist and elbow stimulation, the decrease in amplitude ranged from 1.6-11.7 mV ( 
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12.5 12.0 9.4 15.0 13.8 9.7 12.5 ** Not yel recovered stimulation, tested in 5 of these patients, showed a further decrease in the CMAP. Furthermore, the amplitude obtained on wrist stimulation was relatively large, although in all patients, it was lower than the amplitude measured early in the course of the disease or after recovery. We have referred to this pattern descriptively as a length-dependent reduction. Fig. 2 , Case Al, demonstrates how the potentials evoked by wrist and elbow stimulation were related during clinical deterioration; original recordings are presented in fig. 3 . In this group, differential dispersion was seen in 3 patients at the nadir of the disease (Table 2 ).
In the remaining 6 patients, there was no reduction in amplitude between the wrist and elbow, or this was only minimal (<0.7mV). (Table 1, Group B) . This was also true for more proximal segments, studied additionally in 4 patients. On wrist stimulation, these patients showed low amplitudes compared with patients in Group A (Table 1) . We have given this pattern the descriptive title simple reduction. In fig. 2 , Case B4, this pattern is demonstrated by the linear relationship between the amplitudes obtained on wrist and elbow stimulation; original recordings are presented in fig. 4 . The CMAP for EDB was often too low to allow any pattern to be distinguished, but if CMAP deterioration could be followed during clinical progression, the pattern was similar to that for the median nerve ( fig. 5) .
Conduction studies at the nadir are given in Table 2 . There was a marked increase in the distal motor latency in Group B compared with Group A. Also proximal to the elbow, conduction was slow in Group B, since the distal motor latencies alone were not sufficiently prolonged to explain the long latencies of the F responses.
The sensory system
Sensory signs were present in all patients in Group B (Table 3) , with the exception of Case Bl, a moderately affected child aged 7 yrs. In all others, two-point 
discrimination deteriorated beyond 5 mm, position sense was disturbed, and there was a decrease in touch and pain sensation. In all patients in this group, the sensory potential from the index finger disappeared as the disease progressed (Table 3, fig.  6 ). Six of 7 patients in Group A, however, had no clinical sensory deficit, and the sensory potential was spared (Table 3) , despite a severe decrease in the CMAP in the same nerve segment ( Table 1 ). The clearest evidence of this discrepancy can be seen in fig. 5 . It illustrates the loss of amplitude over the lower arm and lower leg, respectively, during disease progression. Between the elbow and wrist the motor fibres became progressively blocked, whereas the adjacent sensory fibres were not affected. Fig. 7 presents original SNAPs; some amplitude decrease can be seen, due to dispersion in the region of the carpal tunnel. In this patient, sensory signs were absent despite total paralysis of the extremities. This was in sharp contrast to patients from Group B with a comparable motor deficit; in these patients, sensory deficit was sometimes so severe that they hardly noticed their legs being moved. The differences between Groups A and B with respect to clinical sensory deficit and the presence or absence of a sensory potential at the nadir are statistically significant (/ 5 = 0.02 and 0.004, respectively, Fisher exact test). Three patients in Group A had preserved reflexes up to MRC grade 3 paresis (Table 2 ). In all patients of Group A tested with SEPs, proximal sensory conduction was also normal (Table  3 ). The sparing of sensory fibres in Group A was also reflected in the electrical excitability. Stimulation of motor fibres usually became very critical with regard to stimulation site, and often over 20 mA of stimulus strength was necessary to produce a maximal CMAP. Maximal sensory fibre activation, however, was always obtained easily in patients in Group A with the exception of Case A3. 
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The plateau phase and recovery During the plateau phase and during early recovery, the CMAPs showed a further decrease in 3 patients (Table 1) . In Cases Al and B6 this was paralleled by increasing dispersion. In Case A6 it was caused by extensive axonal degeneration, evidenced by abundant denervation potentials in APB and other muscles tested. During this phase of denervation there was no change in motor conduction velocity, nor in sensory conduction. In Group B the majority developed some 'lengthdependent reduction' of the CMAP during early recovery (Table 1) .
At later stages of recovery, CMAP amplitudes always increased and amplitude reduction between wrist and elbow diminished or disappeared (Table 1 ). In general it was observed that recovery was not always a simple mirror image of the progressive phase. Amplitudes after wrist stimulation tended to be more variable between measurements, as did the CMAP decline between wrist and elbow.
Needle electromyography (EMG)
Needle EMG was performed in 9 of 13 subjects. In Group A, 4 of 6 tested patients showed signs of denervation and/or reinnervation. Denervation potentials were particularly abundant in Cases A3 and A6. These 2 patients showed prolonged plateau phases and slow recovery over many months compared with the other subjects in this group. In Group B, 4 of 6 patients were tested; in Case B5, who was severely affected, many polyphasic potentials were found in her prolonged recovery phase. Cases B2, B3 and B6 were tested during progression and recovery. Case B2 showed a few positive denervation and fibrillation potentials in APB at the nadir and none during recovery; no polyphasic potentials could be detected at the final examination. Case B3 showed no signs of denervation during progression or during recovery. In Case B6 sparse fibrillation potentials but no positive denervation potentials were seen during the progressive phase, and no increase of polyphasic potentials in the recovery phase.
DISCUSSION
In a longitudinal study of 13 GBS patients, we confirmed earlier findings that slowing of conduction (McLeod, 1981) and decrease of action potential amplitudes (Lambert and Mulder, 1964; Brown and Feasby, 1984; Albers et al., 1985; Feasby et al., 1985; Mills and Murray, 1985) and, to a variable extent, axonal degeneration (Brown and Feasby, 1984; Feasby et al., 1986) , are important pathophysiological characteristics of the GBS syndrome. In addition, we were able to distinguish two different pathophysiological patterns, one characterized by a length-dependent reduction of the CMAP, the sensory system usually being spared (Group A) , the other by simple CMAP reduction with similar involvement of the sensory system (Group B) . Both patterns are illustrated schematically in fig. 8 . Group A was characterized by a length-dependent reduction of the CMAP, that is, the CMAP decreased when the stimulus electrode was moved from distal to more proximal stimulation sites. In 6 out of 7 patients in this group, the SNAP was spared, and the SEP, performed in 5, was also normal ( fig. 8A ). Clinically this pattern consisted of a flaccid tetraparesis with normal sensory function in all but 1 patient. Normal sensory function included la muscle afferents in at least 3 patients, evidenced by the persistence of myotatic reflexes up to MRC grade 3 paresis.
A length-dependent reduction of the CMAP is an indication that the lesions are scattered along the segment of the nerve studied. It may be caused by conduction block or by slowing of conduction leading to dispersion and phase cancellation of individual motor unit potentials (Lee et al., 1975; Lewis et al., 1982; Brown and Feasby, 1984; Mills and Murray, 1985) . In the absence of an excessive increase in the duration of the negative phase of the action potential with stimulation at several sites, the reduction in amplitude can be ascribed to conduction block (Brown and Feasby, 1984) ; this was true for 4 patients in Group A. If, however, the reduction in amplitude is very substantial, conduction block is very likely, even in the presence of some temporal dispersion (Lewis et al., 1982) ; this was the case in the remaining 3 patients (Cases Al, A4, A5). Conduction block was not restricted to the forearm segment of the nerve. It was also present in more proximal parts of the nerve trunk, as already described by others (Brown and Feasby, 1984; Mills and Murray, 1985) .
Group B was characterized by a simple decrease in the CMAP during clinical deterioration, that is, the CMAP was very similar for all levels of nerve stimulated. In this pattern, motor and sensory fibres are similarly affected ( fig. 8B) . Clinically, these patients had a flaccid tetraparesis associated with low CMAP size, sensory deficit and early areflexia.
The decrease in the CMAP during clinical deterioration without conduction block between stimulation sites could be explained by two mechanisms: either axonal degeneration or conduction block caused by demyelination in the distal part of the nerve. On the basis of the CMAP decrease alone, these two mechanisms are not distinguishable. Additional information, however, favours distal demyelination, especially the excessive increase in distal motor latency (Table 2 ) and the relative absence of denervation potentials. Rapid clinical recovery, seen in some of these patients, further excludes axonal degeneration of whole motor fibres, although it does not exclude degeneration of terminal branches.
The two patterns described are not necessarily mutually exclusive; overlap may occur as illustrated by Case A3, who showed involvement of the sensory fibres comparable to patients in Group B. Nevertheless the two patterns so often occur separately in individual patients that they may be of help in the study of pathogenesis. Recently a humoral pathogenetic mechanism has received more support by the demonstration of (1) a demyelinative effect of GBS serum in vivo (Feasby et al., 1982; Saida et al., 1982; Harrison et al., 1984) , (2) the presence in all GBS patients of complement-fixing antibodies directed against peripheral nerve (Koski et al., 1986) and (3) a positive effect of plasma exchange on the course of the disease (Osterman et al., 1984; Guillain-Barre Study Group, 1985) . A humoral pathogenetic factor would be predicted to have a predilection for those regions of the peripheral nervous system where the blood-nerve barrier is naturally deficient, namely, according to Olsson (1984) , the distal parts of the nerves, the dorsal root ganglia and possibly the spinal roots. This distribution is consistent with the findings in Group B (fig. 8B ). Initially, amplitude reduction occurs distally in the nerves and only later in the disease is there some length-dependent reduction in amplitude as evidence that the intermediate segments have not been spared. The latter might be explained by a more general decrease of the blood-nerve barrier as reflected by increased protein leakage into the CSF (Arnason, 1984) . This 'humoral' hypothesis further implies a proximal predilection of lesions (see fig. 8B ). In this study we were only able to show that proximal conduction was slow on the basis of prolonged F responses. Electrical stimulation of spinal roots, a recently introduced technique, makes it feasible to test this part of the hypothesis directly and quantitatively (Mills and Murray, 1985; Young and Cracco, 1985) .
The findings in Group A ( fig. 8A ) cannot be explained by a similar reasoning. In contrast to Group B, the motor fibres are relatively spared distally and more affected in the arm segment where the blood-nerve barrier is optimal under normal circumstances. In Group A patients, even more exciting is the finding that sensory fibres are spared where the adjacent motor fibres are maximally involved (Fig. 8A) . At present there is no explanation for these findings, but the solution may be of importance for the understanding of the aetiology and the pathogenesis of the GBS.
